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1.
, Schrodinger .
$i\partial_{t}u=-\Delta u-V(x)|u|^{p-1}u$ , $x\in \mathbb{R}^{n}$ , $t\in \mathbb{R}$ , (1)
$u(x,0)=u_{0}(x)$ , $x\in \mathbb{R}^{n}$ . (2)
$u$ $(x, t)$ , $\Delta=\Sigma_{j=1}^{n}\partial^{2}/\partial x_{j}^{2},$ $P$ $H^{1}(\mathbb{R}^{n})$ Sobolev ,
$n\in N,$ $1<p<\infty$ , $n\geq 3$ , $p<1+4/(n-2)$ . ,
$V(x)\equiv 1$ .
$\omega>0$
$-\Delta\psi+\omega\psi-|\psi|^{p-1}\psi=0$ , $x\in R^{n}$ (3)
$\psi.,(x)\in H^{1}(\mathbb{R}^{n})$ ([2, 29]), , $u_{w}(x,t)=$
$e^{1wt}\psi_{w}(x)$ $u_{w}(x,t)$ (1) . , .
$e^{1wt}\psi_{w}(x)$ .
$\forall\epsilon>0,$ $\exists\delta>0$ ; $inf||m-\psi_{w}(\cdot+y)||_{H^{1}}<\delta\Rightarrow$
$o\in n_{y\in R^{n}}$
$\sup_{t>}\dot{m}f\theta\in R,y\in R^{n}||u(t)-e^{\theta}\psi_{w}(\cdot+y)\Vert_{H^{1}}<\epsilon$ . (4)
, .
, ((3)
) , , ,
, .
, $(x)$ , $u(x, t)$
$t>0$ , $e^{1wt}\psi_{w}(x)$ , (1)
Gauge , ,
.




([17]). , 1980 , Cazenave and Lions [5],
Weinstein $[32, 34]$ , Shatah [27], Shatah and Strauss [28] , (3)
, 1980
, , .
, Grillakis, Shatah and Strauss
$[14, 15]$ . , Grillakis, Shatah and Strauss
,
, $|u|^{p-1}u$
( $V(x)$ ) ,
,
, 1990 .
, 2 Grillakis, Shatah and Strauss $[14, 15]$
. . 3
. , ,
, Dirichlet Neumann (1)
.
2. Grillakis, Shatah and Strauss
, $V(x)\equiv 1$ . (1) $H^{1}(\mathbb{R}^{n})$
, , $E(v)$ $Q(v)$
([4] 44 ).
$E(v):= \frac{1}{2}||\nabla v||_{L^{2}}^{2}-\frac{1}{p+1}||v||_{L?+1}^{p+1}$ ,




$S_{w}(v):=E(v)+ \omega Q(v)=\frac{1}{2}||\nabla v||_{L^{2}}^{2}+\frac{w}{2}||v||_{L^{2}}^{2}-\frac{1}{p+1}||v||_{L^{P+1}}^{p+1}$ , $\omega>0$
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. $S_{w}$ $H^{1}(\mathbb{R}^{n})$ $C^{1}$ , (3) $S_{w}$
$=$. $S_{w}’(\psi)=0$ .
(3) $\{v\in H^{1}(\mathbb{R}^{n}):S_{\omega}’(v)=0, v\neq 0\}$ $\mathcal{N}_{w}$
. $\mathcal{G}_{\omega}:=$ { $\phi\in N_{w}$ : $S_{\omega}(\phi)\leq S_{w}(v)$ for all $v\in N_{w}$ } (3) .
, $H_{rad}^{1}:=\{v\in H^{1}(\mathbb{R}^{n}) :v(x)=v(|x|), x\in \mathbb{R}^{n}\}$ ,
, (4) .
$\forall\epsilon>0,$
$\exists\delta>0_{j}\inf_{\epsilon R}||u_{0}-e^{1\theta}\psi_{w}||_{H^{1}}<\delta\Rightarrow\sup_{t>0}\inf_{\theta\in R}||u(t)-e^{\theta}\psi_{\omega}||_{H^{1}}<\epsilon$ . (5)
$V(x)\equiv 1$ (1) (3) . $\omega>0$
(3) $H^{1}(R^{n})$ $(x)$ , $\cdot$ \mbox{\boldmath $\psi$}w\in \varphi
( [20] ). $p<1+4/n$ $w>0$
([5] ) , $P\geq 1+4/n$ $\omega>0$
($p>1+4/n$ [1], $p=1+4/n$ [32] ). , $p=1+4/n$
$V(x)\equiv 1$ (1)
.
Grillakis, Shatah and Strauss $[14, 15]$ (Shatah [27] ) ,
(3) $L^{2}$ $w$ . ,
$\partial_{\omega}||\psi_{w}||_{L^{2}}^{2}|_{w=\theta_{1}}>0$ $e^{jwt}\psi_{w}(x)|-\theta 1$ , , $\partial_{\omega}\Vert\psi_{w}||_{L^{2}}^{2}|_{w=\omega_{1}}<0$
. $V(x)\equiv 1$ (1) $\lambda^{2/(p-1)}u(\lambda x, \lambda^{2}t),$ $\lambda>0$,
, $\psi_{w}(x)=w^{1/(p-1)}\psi_{1}(\sqrt{w}x)$ , $||\psi_{\omega}||_{L^{2}}^{2}=w^{2/\{p-1)-n/2}||\psi_{1}||_{L^{2}}^{2}$
. , $w>0$ , $p=1+4/n$ .
, $\partial_{w}||\psi_{w}\Vert_{L^{2}}^{2}>0$ . ,
.
1[14] If there exist $C>0$ and $\epsilon>0$ such that
$E(u)-E( \psi_{w})\geq C\inf_{\theta\in l}\Vert u-e^{1\theta}\psi_{\omega}||_{H^{1}}^{2}$ (6)
for any $u\in U_{\epsilon}(\psi_{w})$ satisfying $Q(u)=Q(\psi_{\omega})$ , then the standing wave solution $e^{\dot{u}\nu t}\psi.(x)$
is stable, where $U_{\epsilon}( \psi_{w})=\{v\in H_{rad}^{1}(\mathbb{R}^{n}) ; \inf_{\theta\epsilon r}||u-e^{1\theta}\psi_{w}||_{H^{1}}^{2}<\epsilon\}$ .
. $e^{\dot{u}\nu t}\psi_{w}(x)$ .
$\exists\{u_{0,\mathfrak{n}}\}\subset H_{r\cdot d}^{1}(\mathbb{R}^{n}),$ $\exists\delta>0$ ; $\inf_{\theta\in \mathbb{R}}||u_{0,n}-e^{*\theta}\psi_{\omega}||_{H^{1}}arrow 0$ , $(narrow\infty)$
$\sup_{t>}\inf_{\in}||u_{n}(t)-e^{w}\psi_{\omega}||_{H^{1}}\geq\delta$.
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, $u_{n}(t)$ $u_{0,n}$ (1) $u_{n}(t)$ $t$ ,
$\exists t_{n}>0;\inf_{\theta\in R}\Vert u_{n}(t_{n})-e^{i\theta}\psi_{w}||_{H^{1}}=\frac{\delta}{2}$ ,




, $Q(v_{n})=Q(\psi_{\omega}),$ $\Vert v_{n}-u_{n}(t_{n})||_{H^{1}}arrow 0$ $\{v_{n}\}\subset H^{1}$ ,
$E(v_{\mathfrak{n}})arrow E(\psi_{w})$ . (6) ,
$E(v_{n})-E( \psi_{w})\geq C\inf_{\theta\in R}||v_{n}-e^{\theta}\psi_{\omega}||_{H^{1}}^{2}\geq\frac{C}{16}\delta^{2}$ (7)
. $\square$
, (6) $Q(u)=Q(\psi_{w})$ $u\in U_{\epsilon}(\psi_{w})$
$E(u)-E(\psi_{w})$ . , $\epsilon>0$ ,
$\Vert u-e^{i\theta(u)}\psi_{\omega}||_{H^{1}}^{2}=\min_{\theta\in R}||u-e^{\theta}\psi_{w}||_{H^{1}}^{2}$ . (8)
$\theta(u)\in \mathbb{R}$ . , $v:=e^{-u(u)}u-\psi_{w}$ . Taylor ,
$S_{w}(u)=S_{\omega}(e^{-*\theta(u)}u)=S.( \psi_{w})+\langle S_{w}’(\psi_{w}),v)+\frac{1}{2}\langle S_{w}’’(\psi_{\omega})v,v\rangle+o(\Vert v||_{H^{1}}^{2})$ .
$S_{\omega}’(\psi_{w})=0,$ $Q(\psi_{\omega})=Q(u)$ ,
$E(u)-E(\psi_{Id})$ $=$ $\frac{1}{2}(S_{\omega}’’(\psi_{w})v, v)+o(\Vert v||_{H^{1}}^{2})$
$=$ $\frac{1}{2}\langle L,+v_{1},v_{1}\rangle+\frac{1}{2}(L_{w,-}v_{2},v_{2})+o(||v||_{H^{1}}^{2})$ .
, $L_{w,+}=-\Delta+w-W_{w}^{-1}L_{\omega,-}=-\Delta+w-\psi_{w}^{p-1},$ $v=v_{1}+iv_{2}$ . ,
$v_{1},$ $v_{2}$ , ,
$\langle L_{w,+}v_{1}, v_{1}\rangle\geq C_{1}||v_{1}||_{H^{1}}^{2}$ , $\langle L_{w,-}v_{2},v_{2}\rangle\geq C_{2}||v_{2}||_{H^{1}}^{2}$ , for some $C_{1},C_{2}>0$ .
, (6) .
, Grillak$is$ , Shatah and Strauss , (3) $\omega$
$L^{2}$ , $L.,+$ .
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2[14] If $\partial_{w}\Vert\psi_{w}\Vert_{L^{2}}^{2}>0$ , then there exists $C>0$ such that
$\langle L_{w,+}w,w\rangle\geq C\Vert w\Vert_{H^{1}}^{2}$
for any $w\in H_{rad}^{1}(\mathbb{R}^{n},\mathbb{R})$ with $(w, \psi_{w})_{2}=0$ .
1 , $L_{w,+}$ ;
$L_{w,+}$ , $0$ .
,
$\sigma(L_{w,+})\subset\{\lambda_{1}\}\cup[\lambda_{2}\cdot,\infty)$ , for 8ome $\lambda_{1}<0$ , $\lambda_{2}>0$
([25, 33, 20, 16] ). ? $\partial_{w}\psi_{w}:=\dot{\psi}_{\omega}$ , $\lambda_{1}$
$\chi_{w}$ . ,
$\langle L_{w,+}\dot{\psi}_{\omega},\dot{\psi}_{w}\rangle=-(\psi_{w},\dot{\psi}_{w}\rangle=-\partial_{\omega}||\psi_{w}||_{L^{2}}^{2}<0.$ (9)
($L_{w,+}\dot{\psi}_{w},w\rangle$ $=-(w,\psi_{w})_{2}=0$ . (10)
, $\dot{\psi}_{w}=a_{0}\chi_{w}+p_{0},$ $w=a\chi_{\omega}+p,$ $a_{0},$ $a\in \mathbb{R},$ $h,P\in P:=\{v\in$
$H^{1}(\mathbb{R}^{n})$ : $(v,\chi_{w})_{2}=0$ } , (9) , $-a_{0}^{2}\lambda_{1}^{2}+\langle L_{w,+M,Po}\rangle<0$ . ,
$\exists\theta\in(0,1);-\theta a_{0}^{2}\lambda_{1}^{2}+\langle L_{\omega,+}p_{Q},p_{0}\rangle=0$ . (10) , $a\lambda_{1}^{2}+\langle L_{w,+}p,p_{0}\rangle=0$ . ,
( $L_{w,+}w,u;\rangle$ $=$ $-a^{2}\lambda_{1}^{2}+(L_{w,+}p,p\rangle$
$\geq$ $-a^{2} \lambda_{1}^{2}+\theta\frac{\langle L.\prime+p,p_{0}\rangle^{2}}{\langle L_{\omega},+h,h\rangle}+(1-\theta)(L_{w,+}p,p\rangle$
$=$ $(1-\theta)(L_{\omega,+}p,p\rangle$
$\geq$ $C||p||_{L^{2}}^{2}$ .
, $H^{1}(\mathbb{R}^{n})$ , $L_{w,+}$ $0$ . $0$
, $\partial_{j}\psi_{w}(i=1, \cdots n)$ , . 2
$(w, \partial_{j}\psi_{w})_{2}=0$ $H^{1}(\mathbb{R}^{n})$ .
2 $L_{w,-}\psi_{w}=0,$ $\psi_{\omega}>0$ , $(V, \psi_{w})_{2}=0$ $L_{\omega,-}$ .






$V(x)$ (1) $e^{jwl}\phi_{w}$ . . , $n\geq 3$ ,
$0<b<2,1<p<1+(4-2b)/(n-2)$ , $V(x)$ (V1), (V2)
.
(V1) $V(x)\geq 0$ , $V(x)\not\equiv 0$, $V(x)\in C(\mathbb{R}^{n}\backslash \{0\},\mathbb{R})$ , $V(x)\in L^{\theta^{*}}(|x|\leq 1)$ ,
where $\theta^{*}=2n/\{(n+2)-(n-2)p\}$ .
(V2) There existC $>0\bm{t}da>\{(n+2)-(n-2)p\}/2>bsuchthat$
$|(V(x)- \frac{1}{|x|^{b}})|\leq\frac{C}{|x|^{a}}$
for all $x\in R^{n}$ with $|x|\geq 1$ .
, $V(x)=(1+|x|^{2})^{-b/2}$ (V1), (V2) . $V(x)$
(1) Anne de Bouard [3]
. ( [11] ). ,
$-\Delta\phi+w\phi-V(x)|\phi|^{p-1}\phi=0$, $x\in \mathbb{R}^{n}$ (11)
. , $V(x)$ compactness
([11, 30]).
, $V(x)\cong 1$ , Grillakis, Shatah





. , (x) .
$- \Delta\tilde{\phi}_{w}+\tilde{\phi}_{\omega}-\omega^{-b/2}V(\frac{x}{\sqrt{\omega}})|\tilde{\phi}_{w}|^{p-1}\tilde{\phi}_{w}=0$ , $x\in R^{n}$ .
(V2) , $V(x)arrow|x|^{-b}(|x|arrow\infty)$ . $warrow 0$ , ,
$\omega^{-b/2}V(x/v^{r_{w\gamma}}arrow\omega^{-b/2}|x/\sqrt{w}|^{-b}=|x|^{-b}$ . , $\omegaarrow 0$
$\tilde{\phi}_{\omega}$ $w=1$
$- \Delta\psi+w\psi-\frac{1}{|x|^{b}}|\psi|^{p-1}\psi=0$ , $x\in \mathbb{R}^{n}$ (12)
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$\psi_{1,b}(x)$ . , $\omega$
, $e^{it}\psi_{1,b}(x)$ .
, $\tilde{\phi}_{w}(x)$ $\psi_{1,b}(x)$ , .
1 [11] Let $n\geq 3,0<b<2$ and $1<p<1+(4-2b)/(n-2)$ . Assume $(V1)$ and
$(V2)$ . Let $\phi_{\omega}\in \mathcal{G}_{w}$ . Then, we have
him $||\tilde{\phi}_{\omega}-\psi_{1,b}\Vert_{H^{1}}=0$.
3 $P<1+(4-2b)/(n-2),$ $w>0$ , (12) $\psi_{w,b}(x)\in$
$H^{1}(\mathbb{R}^{n})$ ([21, 35]). $V(x)=|x|^{-b}$
(1) , $\psi_{w,b}(x)=\omega^{(2-b)/2(p-1)}\psi_{1,b}(\sqrt{\omega}x)$ , $||\psi_{\omega,b}|\}_{L}^{2},$ $=$
$w^{(2-b)/2(p-1)-n/2}||\psi_{1,b}||_{L^{2}}^{2}$ $L^{2}$ , $P<1+(4-2b)/n$ , $P\geq$
$1+(4-2b)/n$ ($p=1+(4-2b)/n$ [32, 1] ). ,
Kabeya and Tanaka [16] , $P<1+(4-2b)/n$
([3]).
4 1 , $\tilde{\phi}_{\omega}(x)$
$\inf\{||v||_{H^{1}}^{2} : v\in H^{1}(\bm{R}^{n})\backslash \{0\},\tilde{I}_{w}(v)\leq 0\}$
, $\psi_{1,b}(x)$
$\inf\{\Vert v||_{H^{1}}^{2} : v\in H^{1}(R^{n})\backslash \{0\}, I_{1.b}(v)\leq 0\}$
, $\tilde{\phi}_{w}(x)$ $\psi_{1,b}(x)$
. ,
$I_{1,b}(v)$ $:=||\nabla v||_{L^{2}}^{2}+||v\Vert_{L}^{2},$ $- \int_{n*}\frac{1}{|x|^{b}}|v(x)\dagger^{p+1}dx$ ,
$\tilde{I}_{w}(v):=||\nabla v\Vert_{L^{2}}^{2}+||v\Vert_{L^{2}}^{2}-w^{-t/2}\int_{R^{\hslash}}V(\frac{x}{\sqrt{w}})|v(x)|^{p+1}dx$.
, .
2Let $n\geq 3,0<b<2$ and $1<P<1+(4-2b)/n$ . Assume $(V1)$ and $(V2)$ .
Let $\phi_{\omega}\in \mathcal{G}_{w}$. There exists $\omega_{1}>0$ with the following property: for any $w\in(O,w_{1})$ , there
exists $\delta_{1}>0$ such that
$(L_{v}v, v)\geq\delta_{1}||v||_{H^{1}}^{2}$
for any $v\in H^{1}(\mathbb{R}^{n},\mathbb{R})$ satisfying $(v, \phi_{w})=0$ , where $\langle L_{\omega}v,v\rangle=\int_{R^{n}}(|\nabla v(x)|^{2}+\omega|v(x)|^{2}-$
$pV(x)\psi_{\omega}^{-1}(x)|v(x)|^{2})dx$ .
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1[3] Let $n\geq 3,0<b<2$ and $1<p<1+(4-2b)/n$ . Assume $(V1)$ and
$(V2)$ . Let $\phi_{w}\in \mathcal{G}_{w}$ Then, there exists $\omega$. $>0$ such that $e^{\dot{u}_{4’}t}\phi_{\omega}(x)$ of (1) is stable for any
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